Abstract Epstein and Eckoff in 1967 devised a scheme to summarize population differences in the rise of mean values of systolic blood pressure by age in accordance with their slopes and levels. For the first time, the validity of this scheme can be examined with data from a single study, INTERSALT. This study included 52 populations in 32 countries. On the basis of these data, collected in an exceptionally well-standardized mode under a common protocol, the diversity of populations in the slopes of age differences in median values of systolic blood pressure has been strongly reconfirmed. Populations with no increase in median systolic blood pressure were again observed and remained exceptional. The analyses of these data also indicate a positive relation between the slope of rising systolic blood pressure with age and urinary sodium, urinary sodiumpotassium ratio, and reported alcohol consumption as well as a negative association between urinary potassium excretion and M ean values of systolic blood pressure (SBP) increase with age among adults in most populations. Epstein and Eckoff 1 in 1967 demonstrated marked variation among populations with respect to the nature of this increase. They devised a scheme to summarize differences in SBP by age in accordance with the slopes (categories 0 through 4) and levels (categories a through c) that generally described the results of 34 cross-sectional surveys reported by 1965 (Fig 1) .
M ean values of systolic blood pressure (SBP)
increase with age among adults in most populations. Epstein and Eckoff 1 in 1967 demonstrated marked variation among populations with respect to the nature of this increase. They devised a scheme to summarize differences in SBP by age in accordance with the slopes (categories 0 through 4) and levels (categories a through c) that generally described the results of 34 cross-sectional surveys reported by 1965 (Fig 1) .
The average increments in blood pressure per year of age corresponding to these slopes can be estimated as follows from Fig 1: 0=0 mm Hg/y, 1=0.17 mmHg/y, 2=0.33 mm Hg/y, 3=0.50 mm Hg/y, and 4=0.67 mm Hg/ y. Populations with no increase were exceptional; among the remaining majority, the greatest incremental differences observed by year of age were four times as great as the least incremental differences. Nearly all potential combinations of slope and level in the scheme were observed within the set of surveys reviewed. This scheme thus demonstrated striking evidence of the diversity among populations in this aspect of the epidemiology of blood pressure.
Epstein and Eckoff raised the following two questions, among others, in connection with this apparent diversity: First, what is the extent of true population differences in such patterns, excluding measurement effects? Second, what underlying factors might contribute to the true population differences? Data available from the reports they reviewed did not permit resolution of these important questions.
Recently, data published by the INTERSALT Cooperative Research Group 26 allow direct examination of these issues. INTERSALT is a landmark international collaborative study in which coordinated, highly standardized measurements of blood pressure and related factors were obtained in some 10 000 participants aged 20 to 59 years in 52 populations in 32 countries. Based on the resulting data, for the first time the scheme of Epstein and Eckoff can be tested with data from a single study, with greatly reduced chances of systematic errors of blood pressure measurement, in contrast to the previous surveys designed and conducted independently. We have therefore used the data reported by the INTERSALT group to reexamine the population diversity characterized by Epstein and Eckoff some 25 years ago. These data permit both replication of their classification of populations by slope and level and consideration of the relation between these parameters of blood pressure differences by age and the following five attributes: mean values of urinary sodium excretion, potassium excretion, and sodiumpotassium ratio; body mass index (weight divided by height squared); and reported alcohol intake.
Methods

The INTERSALT Study
In the INTERSALT study, each center recruited approximately 200 men and women selected from random samples or by block sampling from specific populations to compose eight age-sex strata. Investigators from each center followed a standard protocol after training at regional meetings organized by the study's two Coordinating Centers (London School of Hygiene and Northwestern University Medical School in Chicago). In each of the field settings, blood pressure was mea- sured twice with subjects in a sitting position with a randomzero sphygmomanometer after a resting period of 5 minutes. For estimation of electrolyte excretion, "spot" and 24-hour urine collections were made, and the laboratory work was conducted at a central location in Leuven, Belgium. Anthropometric data including weight and height were measured in a standardized manner. A questionnaire was used to assess reported alcohol intake. The coding, entry, editing, and analysis of data were conducted at the INTERSALT Coordinating Center in London. Strict quality-control checks were applied throughout the study.
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The Present Analysis correlation coefficients could be computed within each of these age groups. These additional data also permitted a comparison between the rank orders of populations by observed median blood pressure levels at age 40 to 49 years and the ranks observed at age 20 to 24 years. In this way, we could address the question of whether the middle-age ranks corresponded with those already apparent at ages 20 years younger in the same populations. In addition, to address Epstein and EckofFs second question noted above, mean values of urinary sodium, potassium, sodium-potassium ratio, body mass index, and reported alcohol intake were calculated within each category of blood pressure slope. These pooled values were obtained by multiplying the published mean value of each center times its sample size (n=157 to 200), adding all centers, and dividing this value by the total sample size in that blood pressure slope category.
Results
The INTERSALT study populations are identified in Table 1 , which presents for each the published values for slope and median SBP and the calculated blood pressure values at age 20, 40, and 60 years.
The corresponding slope and level as proposed by Epstein and Eckoff are also shown. The classification of SBP levels has been expanded by the addition of a new category, <a, which accommodates those populations whose median SBP levels as measured in INTERSALT fell below the lowest range described by Epstein and Eckoff. Study centers are listed in Table 1 in order of increasing slope and level.
The SBP slopes of the multiple populations shown in Table 1 Several comparisons were made on the basis of the observed age-specific median values of SBP shown in Table 2 . In column 1, the study populations are ranked according to the median SBP levels at age 40 to 49. In column 2, the corresponding ranks at age 20 to 29 and the differences in rank between age groups are shown. The Spearman rank correlation between these observations was .718, as shown in Table 3 . Column 3 presents the median SBP of each population at age 25 as predicted from the regression equations and the differences between ranks of population median values as observed at age 20 to 29 and predicted at age 25 (the midpoint of age in the 20 to 29 stratum). The Spearman rank correlation between these observed and predicted values was .836, as shown in Table 3 .
In columns 4 and 5, observed values for ages 30 to 39 and predicted values for age 35 and their differences in rank are shown as for younger ages in columns 2 and 3. The Spearman rank correlation between observed values of median SBP at age 40 to 49 and those at age 30 to 39 was .869, somewhat stronger than those between age 40 to 49 and age 20 to 29. The Spearman rank correlation between observed median values of SBP at age 30 to 39 and those predicted at age 35 was 0.921, as shown in Table 3 . These high rank correlation coefficients suggest that the ranking of populations based on median SBP values of young individuals (20 to 29 and 30 to 39) closely agrees with the ranking of the same populations when older subjects (40 to 49) are studied. Also, the close ranking agreement shown between observed and predicted values (at ages 20 to 29 and 25, and 30 to 39 and 35) adds to the validity of the analyses conducted based on predicted mean blood pressure values. Table 4 shows the weighted averages of urinary sodium, potassium, sodium-potassium ratio, body mass index, and reported alcohol intake in relation to the observed slopes of SBP with age. The trends of these parameters with increasing slope were examined. For urinary sodium, a graded positive relation along the entire scale of slopes was evident. Populations with slope 0 had a mean urinary sodium of 6.6 mmol/24 h; it increased to 133.7 in slope 1,154.1 in slope 2, and 159.3 in slope 3; populations with slope 4 had the highest urinary sodium mean values, at 182.7 mmol/24 h. These findings are consistent with those reported elsewhere by the INTERSALT group. 4 -89 For urinary potassium, an inverse relation was observed. Populations with slope 0 had an average level of 75.3 mmol/24 h; populations with intermediate slopes (1 through 3) had intermediate urinary potassium levels (53.6 to 57.2 mmol/24 h); and populations with the highest slope had the lowest average level of urinary potassium, at 49.2 mmol/24 h. For the sodium-potassium ratio, a graded positive relation with the slope of SBP by age was also evident. Populations with slope 0 had a ratio of 0.11; this ratio increased to 2.78 for slope 1, 3.01 for slope 2, 3.13 for slope 3, and 4.20 for slope 4 .
Mean values of body mass index also showed a positive trend with the slope of SBP by age. Populations with slopes 0 and 1 had a mean body mass index of 22.3 and 22.2, respectively, and populations with slopes 2 through 4 had a mean body mass index of 25.0 to 25.8.
A positive graded relation was also observed with alcohol consumption and SBP slope. Populations with slope 0 reportedly did not consume alcohol, but alcohol consumption increased with increasing slope. Populations with slope 1 had a mean alcohol consumption of 74.0 mLAvk, slope 2 a consumption of 115.1, slope 3 a consumption of 126.0, and slope 4 a consumption of 130.0. (Mexico was excluded from the alcohol analyses given that the reported intake during the week of data collection was unusually high for that population, the Tarahumara Indians, because data were collected during their annual 1-week festival.)
The relations between diastolic blood pressure slope and the factors mentioned above were also examined. The patterns observed were consistent with those reported for SBP. Diastolic blood pressure slope was also positively associated with urinary sodium, sodium-potassium ratio, body mass index, and alcohol consumption and inversely related to urinary potassium (data not shown).
Discussion
The INTERSALT data on slopes and levels of median SBP values in 52 populations have been examined in relation to the scheme of Epstein and Eckoff 1 for characterizing population diversity in blood pressure patterns by age. On the basis of these data, collected in an exceptionally well-standardized mode under a common protocol, the diversity in slopes demonstrated by Epstein and Eckoff has been strongly reconfirmed. Populations with no increase in median SBP remain highly exceptional, only 2 (both in Brazil) of the 52 study populations being so characterized. Even slope 1, at 0.17 mm Hg/y, was uncommon and included 2 relatively remote populations (in Kenya and New Guinea).
The levels of median SBP were generally lower in INTERSALT than in the surveys reviewed by Epstein and Eckoff, many occupying the added class <a, few reaching level b, and none reaching level c. The procedure for blood pressure measurement in INTERSALT, requiring use of the two values to characterize each individual, would be expected to have such an effect, because in many of the previous surveys a single reading, typically without a fixed period with subjects seated at rest, was used In addition, use of the median values rather than a population mean to characterize each population in INTERSALT would be expected to have a similar effect, especially in populations with higher slopes and therefore a higher prevalence of elevated blood pressure.
This newly documented population diversity underscores the potential value of examining factors related to blood pressure levels in population comparisons. For instance, cross-sectionally, it was evident that the rank that populations have with respect to other populations when subjects aged 40 to 49 years are studied is associated with the rank that these populations hold when young individuals, at ages 20 to 29 or 30 to 39 years, are examined. These findings suggest that the factors that lead to rising levels of blood pressure are already present and active at young ages.
Again, based on the INTERSALT observations, these data indicated a positive relation between urinary sodium, sodium-potassium ratio, reported alcohol consumption, and the slope of SBP with age as well as a negative relation between urinary potassium excretion and SBP slope. Also, body mass index showed a positive trend with the slope of SBP by age. Similar associations to those reported above were observed for diastolic blood pressure slope. Analyses by the INTERSALT group previously indicated such a relation between the entire distribution of blood pressure slopes and urinary sodium excretion in between-population comparisons. 48 One aspect of blood pressure differences with age not addressed in the surveys reviewed by Epstein and Eckoff, nor by INTERSALT, is the age at which such diversity of slopes and levels of SBP first appears. The earlier review included few surveys with observations less than age 20, which was also the lower age limit for INTERSALT. The calculated median SBP values at age 20 ranged from 95 to 122 mm Hg, a difference of 27 mm Hg (Table 2) . No clear outlying values were observed, so that a biological gradient of between-population variation in median SBP appears to be present in the INTERSALT data as early as age 20. Clues to the earlier natural history of blood pressure must perhaps await a subsequent study: KINDERSALT.
